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Resumen.- En el sur de Sudamérica Lithodes santolla y L. confundens representan las especies de centollas más apreciadas,
debido a sus altos rendimientos y aceptación en los mercados. Desde un punto de vista fisiológico, las especies reactivas
del oxígeno (ROS) son continuamente producidas como productos de la respiración celular. Estos ROS se transforman en
metabolitos menos tóxicos por medio de enzimas antioxidantes. El objetivo fue determinar en Lithodes santolla (del Golfo
San Jorge) y L. confundens (de la costa atlántica de Tierra del Fuego) el nivel de base de la actividad enzimática antioxidante
y los niveles de peroxidación de lípidos. Las enzimas catalasa (CAT) y glutatión-S-transferasa (GST) y la peroxidación de
lípidos se midieron en branquias, músculo y hepatopáncreas. Ambas especies mostraron actividad enzimática
antioxidante, mientras que las branquias presentaron la mayor actividad enzimática de CAT. La actividad de CAT y GST fue
mayor en L. confundens en el músculo y branquias respectivamente, comparado con L. santolla; mientras que la
peroxidación de lípidos fue menor en ambos órganos. Estas diferencias entre ambas especies sugieren que L. confundens
sería más eficiente ante situaciones de estrés oxidativo, debido probablemente a los periodos de anoxia que experimenta
durante las bajas mareas de primavera. Además, estas diferencias podrían ser atribuidas a características intrínsecas de
adaptación de cada especie de centolla y/o a condiciones ambientales de cada área de estudio en particular. Parámetros
como CAT, GST y peroxidación de lípidos podrían proponerse como biomarcadores de estrés oxidativo en Lithodes santolla
y L. confundens.
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Abstract.- In Southern South America Lithodes santolla and L. confundens are the most valuable king crabs species, specially
due to their high yields and their high acceptance in the markets. From a physiological point of view, reactive oxygen
species (ROS) are continuously produced as by-products of cell respiration. These ROS are transformed into less toxic
metabolites by antioxidant enzymes. The aim of the present study was to determine in Lithodes santolla (from San Jorge
Gulf) and L. confundens (from Atlantic coast of Tierra del Fuego) the baseline status of both antioxidant enzyme activity and
lipid peroxidation levels. Activities of catalase (CAT), glutathione-S-transferase (GST), as well as lipid peroxidation were
measured in the muscle, gills and hepatopancreas. Both species showed antioxidant enzyme activities, and the gills were
the organs with the highest CAT enzyme activities. CAT and GST activities were higher in muscle and gills, respectively, in
L. confundens compared with L. santolla, whereas lipid peroxidation was low in both organs. These differences between
both species suggest that L. confundens is more capable to afford oxidative stress than L. santolla, which may be a response
to the common occurrence of L. confundens at the intertidal during the spring low tides. Differences in the analysed
parameters could be attributed to intrinsic adaptation features of each king crab species and/or to environmental
conditions of each particular study area. Furthermore, our results showed that parameters as CAT, GST and lipid peroxidation
could be proposed as biomarkers of oxidative stress in Lithodes santolla and L. confundens.
Key words: Enzymatic activity, reactive oxygen species, king crabs
INTRODUCTION
Among the 12 species of Lithodidae that inhabit the
Atlantic and Pacific waters of Southern South America,
the southern king crabs (SKC) Lithodes santolla and L.
confundens represent the most valuable species due to
their high yields and their high acceptance in the markets.
Although both species are commonly misidentified
because of their morphological similarity, they can be
distinguished by the carapace spinulation pattern
(Macpherson 1988) and their distribution only overlaps
in the northern continental slope of Argentina, ca., 37ºS
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(Sotelano et al. 2013). Lithodes santolla occurs widely
around the southern South America; at the Pacific coast,
it occurs south from Chiloé Island (42°S 74°W) to Cape
Horn (55°S 67°W), including the Straits of Magellan (53°S
70°W) and fjords around Tierra del Fuego (Macpherson
1988). Whereas, in the southern Atlantic waters L.
santolla presents a disjoint distribution: mainly in the
San Jorge Gulf (46°S 66°W) and in the Beagle Channel
(54°S 68°W), where fisheries develop (Lovrich & Tapella
2013). In contrast, L. confundens has only been found in
the Burdwood Bank (54°S 59°W) and mainly in coastal
waters of Southern Patagonia (50-56°S, 67-69°W)
(Macpherson 1988, Lovrich et al. 2002 ).
The SKC fisheries around Tierra del Fuego began with
the extraction of Lithodes santolla in Chile during in the
1930’s and in the 1960’s in Argentina (Vinuesa 1991), and
reached their maximum yields of ca., 3,500 annual tonnes
during the mid 1980’s. However, the constant reduction
of landings promoted the extraction of the stone crab
Paralomis granulosa with less commercial interest and
until then considered as by catch, and also the commercial
exploitation of northern stocks of SKC, as in the San Jorge
Gulf. In the Southwestern Atlantic south to 40ºS L.
santolla and L. confundens fisheries developed at
different degree, and during the recent years the fishery
of L. santolla based in Comodoro Rivadavia has expanded
rapidly from the incorporation of larger fishing vessels
known as crabbers.
Although most of the oxygen consumed by aerobic
organisms undergoes complete reduction by cytochrome
oxidase to form water, various enzymatic and non-
enzymatic reactions inside cells result in a partial reduction
of oxygen (Hermes-Lima 2004). Thus, reactive oxygen
species (ROS) as superoxide anion radical (O2
.-), hydrogen
peroxide (H2O2) and the hydroxyl radical (HO
.) are
continuously produced as by-products of cell respiration.
These ROS are transformed into less toxic metabolites by
antioxidant enzymes (Halliwell & Gutteridge 1999). Aerobic
organisms possess a baseline status of antioxidant
systems to assure the maintenance of a balance between
production and removal of endogenous ROS and other
pro-oxidants (Correia et al. 2003).
The enzymatic antioxidant defenses are represented
by enzymes like catalase (CAT), superoxide dismutase
(SOD) and glutathione peroxidase (GPx) (Hermes-Lima
2004). Other enzymes, like glutathione reductase and
glutathione-S-transferase (GST) aid in protective and
repair processes (Leaver & George 1998). The variations
in tissue of aerobic metabolism should impose variations
in ROS generation; these fluctuations could be associated
with variations in the antioxidant defense systems and
cause oxidative stress if the defenses are overwhelmed
by ROS production (Maciel et al. 2004).
Other parameter indicative of animal stress is the lipid
peroxidation, which indicates lipid membrane damage as
a consequence of exposure to ROS and insufficient
antioxidant defenses (Antó et al. 2009). Furthermore,
endogenous variables like nutritional status, age, sex,
growth and reproduction influence the peroxidation status
of organisms (see Dutra et al. 2008). Lipid peroxidation is
also considered as the main process responsible for the
loss of quality in meat products, besides microbiological
deterioration (Eburne & Prentice 1996).
Previous studies about antioxidant enzyme capacity
in Lithodids were done in Paralomis granulosa (Romero
et al. 2007, 2011), but they were focused on experiments
of air exposure and re-submersion of those stone crabs.
Particularly, the aim of the present study was to determine
in both sexes of 2 lithodid species from South Atlantic,
Lithodes santolla and L. confundens, the baseline status
of antioxidant enzyme activities and lipid peroxidation
levels. This approach could be useful to show the
differential capability of each king crab species to deal
with xenobiotics, and to understand their differential
distribution pattern along the Atlantic continental shelf-
waters.
MATERIALS AND METHODS
ANIMALS
A total of 45 adult animals of Lithodes spp. were caught
in the Atlantic coast (Fig. 1) with an epibenthic trawl (Table
1), on board the RV Puerto Deseado, during the
CONCACEN survey in December 2009. Crabs were sexed
on the basis of the shape of their abdomens and presence
of pleopods, and female condition recorded (presence of
eggs or postovigerous setae). Carapace lengths (CL) were
measured with a dial calliper with 0.1 mm precision. Then,
animals were dissected by removing the carapace. The 7th
gill, the hepatopancreas and the muscular mass from the
4th pair of pereiopods were dissected and frozen until
analysis. All females employed were in postovigerous
condition.
SAMPLE PREPARATION
Homogenates were prepared using 0.3 g of gills or 0.1 g
of muscles or hepatopancreas tissue in 1.2 or 1.4 ml of
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cold (4ºC) Tris-HCl buffer (0.125 M, pH 6.8), respectively.
Samples were processed using a Teflon-glass
homogenizer, and immediately centrifuged for 15 min at
11,000 × g at 4ºC. The supernatants were collected and
employed as antioxidant enzyme source and for lipid
peroxidation analysis.
BIOCHEMICAL ANALYSES
Specific enzyme activity was calculated considering the
total protein content of the supernatant; results were
expressed as enzyme units/mg of protein. Catalase (CAT)
activity was measured by the method of Aebi (1984). The
reaction mixture contained 50 mM phosphate buffer (pH
7.0) and 3 mM H2O2, and it was registered
spectrophotometrically at 240 nm. One unit of CAT was
defined as 1 pmol of H2O2 degraded per minute per
milligram of protein.
Glutathione S-transferase (GST) was determined by
the method of Habig et al. (1974). GST activity was
measured by increasing in absorbance at 340 nm, using
reduced glutathione (GSH) and 1-chloro-2, 4-dinitrobenzene
(CDNB) as substrates. The reaction mixture contained 0.1
M phosphate buffer (pH 6.5), 1 mM GSH and 1 mM CDNB.
One unit was defined as 1 μmol of GSH conjugated per
min per mg of protein.
Lipid peroxidation (LPO) level was measured by the
formation of thiobarbituric acid reactive substances
(TBARS), according to Ohkawa et al. (1979). Homogenates
were added to the reaction mixture (trichloroacetic acid 15%
(w/v), 2-thiobarbituric acid 0.375% (w/v), clorhidric acid 0.25N
and butylhydroxytoluene 0.147 mM) in a ratio of 1:5 (v/v).
The mixture was vigorously shaken, maintained in boiling
water for 60 min, and immediately cooled at 5°C for 5 min.
Then it was centrifuged at 5,000 × g for 10 min, and the
absorbance in the supernatant was measured
spectrophotometrically at 535 nm. TBARS concentration
was expressed as μmol per g of wet tissue.
Total protein content of homogenates was determined
following the method of Lowry et al. (1951), using bovine
serum albumin as standard.
STATISTICAL ANALYSES
The parameters considered were shown as mean ±
standard error. In order to determine the effects of both
species and sexes on antioxidant enzyme activities and
lipid peroxidation analyses of variance (two-way ANOVA)
were performed. Significant differences at the 0.05 level
were considered for this analysis. Data were checked for
normality and homogeneity of variance by Kolmogorov-
Figure 1. Sampling locations where Lithodes species were
collected, on board the RV Puerto Deseado, during the CONCACEN
survey in December 2009 / Localidades de muestreo donde las
especies de Lithodes fueron recolectadas, a bordo del RV Puerto
Deseado durante la campaña CONCACEN en diciembre 2009
Table 1.  Sampling locations, sample size and carapace size of Lithodes spp. used in this study / Lugares de muestreo,
tamaño de la muestra y tamaño del caparazón de los ejemplares de Lithodes spp. utilizados en este estudio
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Smirnov and Levene tests, respectively (Sokal & Rohlf
1995).
RESULTS
Both species showed antioxidant enzyme activities. CAT
activity for Lithodes spp. was highest in gills (Fig. 2).
Significant differences in this antioxidant enzyme between
species were found in muscle (where L. confundes
presented a higher activity) and hepatopancreas (where
L. santolla presented a higher activity, Fig. 2, Table 2).
Furthermore, L. confundes presented similar CAT activity
between sexes in gills, muscle and hepatopancreas,
whereas L. santolla showed similar CAT activity between
sexes only in muscle and hepatopancreas (Fig. 2, Table
2). The statistical interaction between species and sexes
found in gills showed that CAT activity in female L.
santolla was lowest in gills (Fig. 2, Table 2).
Figure 2. Mean ± standard error of antioxidant enzyme activities of CAT (catalase), GST (glutathione S-transferase) and LPO (lipid
peroxidation) in different organs of both lithodid species. Full and empty bars represent males and females, respectively. Different
capital and small letters indicate significant differences between species (ANOVAs test), and sexes, respectively / Media ± error estándar
de la actividad enzimática antioxidante de CAT (catalasa), GST (glutatión S-transferasa) y LPO (peroxidación de lípidos) en diferentes
órganos de ambas especies de litódidos. Barras llenas y vacías representan machos y hembras, respectivamente. Diferentes letras
mayúsculas y minúsculas indican diferencias significativas entre especies (pruebas de ANDEVAs) y sexos, respectivamente
GST activity in gills varied between species but not
between sexes. Values of GST activity of Lithodes
confundes quadruplicated those registered in the other
species (Fig. 2, Table 3). GST activity in the muscle only
varied between sexes, where males presented significant
higher activities than females (Fig. 2, Table 3). Moreover,
the values of GST activity in the hepatopancreas were
similar between species and sexes (Fig. 2, Table 3), and
was on average 0.3 ± 0.03 U GST mg protein-1.
Lipid peroxidation values were highest in the
hepatopancreas of both Lithodes spp. (Fig. 2). The
differences in this organ were found between sexes rather
than species (Fig. 2, Table 4). Males presented lipid
peroxidation values ≈60% higher than females (Fig. 2).
Furthermore, lipid peroxidation in gills and muscles varied
between species (Fig. 2). In both tissues Lithodes santolla
showed significant higher values (Fig. 2, Table 4) than L.
confundens. Particularly in muscle, where Lithodes
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Table 2. Results of the two-way ANOVAs (MS: mean squares, F:
stadigraph, P: probability) to compare the effect of 2 species and
sexes of Lithodes on the catalase activity (CAT) analysed in 3 organs
/ Resultados de los ANDEVAs de dos factores (MS: cuadrados
medios, F: estadígrafo, P: probabilidad) para comparar el efecto
de 2 especies y sexos de Lithodes en la actividad de la catalasa
(CAT) analizada en 3 órganos
santolla presented lipid peroxidation values that almost
triplicated those registered to L. confundens (Fig. 2).
DISCUSSION
The present study provides baseline data on antioxidant
defenses and lipid peroxidation in 2 king crab species
during summer. Gills of Lithodes spp. were the organs
that presented the highest CAT enzyme activities. This
characteristic allows us to hypothesize that this organ
has an important role in antioxidant defenses. In decapod
crustaceans, gills are responsible for exchanging gases,
highly functional in maintaining osmotic balance and have
an important role in the immune response (Burnett et al.
2006 and references therein). Moreover, as oxygen
diffuses through gill cells, this organ is exposed to higher
oxygen concentrations compared to other tissues. Thus,
the rate generation of ROS in gills is presumed to be
higher (Maciel et al. 2004, Romero et al. 2011), and a
higher protection level in this organ would be necessary
to protect animals from oxidative stress. Therefore, the
development of high levels of CAT activity seems to be
the strategy used by gills to degrade H2O2 (Maciel et al.
2004), precursor of the highly reactive hydroxyl radical
Table 3. Results of the two-way ANOVAs (MS: mean squares, F:
stadigraph, P: probability) to compare the effect of 2 species and
sexes of Lithodes on the glutathione-S-transferase activity (GST)
analysed in 3 organs / Resultados de los ANDEVAs de dos factores
(MS: cuadrados medios, F: estadígrafo, P: probabilidad) para
comparar el efecto de 2 especies y sexos de Lithodes en la
actividad de la glutatión S-transferesa (GST) analizada en 3
órganos
(Hermes-Lima 2004). This important strategy used by CAT
to remove H2O2 is employed by marine organisms against
oxidative stress (see Giarratano et al. 2010). In fact, this
pattern of high CAT activity in gills was found also in
other decapods, as lithodids (the stone crab Paralomis
granulosa, Romero et al. 2007, 2011), grapsids (the
estuarine crab Neohelice granulata, Maciel et al. 2004),
and penaeids (the shrimp Penaeus monodon, Tu et al.
2008), among others.
The enzyme glutathione-S-transferase (GST) is
involved in the biotransformation of numerous xenobiotic
compounds (Hermes-Lima 2004) using glutathione as
substrate. Furthermore, GST protects cellular membranes
from damage due to lipid peroxidation (see Tu et al. 2008).
Particularly in gills of L. confundens, GST could be acting
as another defense line (Fig. 2) since this enzyme displays
a distinct GSH peroxidase activity and may play a
protective role against oxidative stress when the activity
of other antioxidant enzymes is lowered (Sheehan &
Power 1999). In fact, equilibrium between GST, CAT and
GPx is important for the effective removal of ROS (see Tu
et al. 2008).
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In crustaceans the hepatopancreas represents the main
organ involved in the biotransformation processes, redox
cycle generation and antioxidant defenses (James & Boyle
1998) due to the multiple oxidative reactions that take
place therein (Arun & Subramanian 1998). Since we did
not observe high values of antioxidant enzyme activities
in this tissue, we suggest 2 alternative possibilities. On
the one hand, any other antioxidant enzymes not analyzed
in this work, as SOD (Superoxide Dismutase) or GPx
(Glutathione Peroxidase), might be involved as antioxidant
defenses in the hepatopancreas and present there a key
role. On the other hand, non-enzymatic antioxidants could
also be acting in this organ. In fact, carotenoids and their
derivatives, as β-carotene, were found in high
concentration in the hepatopancreas of crustaceans (Sagi
et al. 1995), and are known to deactivate chemical species
such as singlet oxygen, triplet photochemical sensitizers,
and free radicals (Miki 1991, Matsuno 2001).
Differences in the analysed parameters in this study
between both species could be attributed to intrinsic
adaptation features of each king crab species and/or
environmental conditions of each particular study area
(Table 1). For example, it is known that the dissolved
oxygen in waters where adult L. santolla inhabit in the
austral channels could be lower than 8.3 kPa (Guzmán &
Silva 2002), and that juveniles of this species showed a
moderate tolerance to low oxygen availability (Paschke
et al. 2010). But until now there are no data about
environmental conditions where Lithodes confundens
inhabit. Particularly, the slight difference in depth water
temperature between both sampled areas (Table 1) could
result in different enzymatic activities or LPO values in
the species. In fact, water temperature differences of 2ºC
can generates differential oxygen consumption rates in
the king crab Paralithodes platypus from Bearing sea
(Romero et al. 2010).
In the present study, both determinations of activities
of antioxidant enzymes and lipid peroxidation were done
during austral summer and we suppose that were the
maxima expected throughout the year long.  During these
months there is an increase of environmental light and
sea water temperature and it is known that these both
parameters induce oxidative stress. Particularly,
temperature accelerates ROS formation in marine
ectotherms simply by accelerating mithocondrial
respiration (Freire et al. 2012). In the crayfish
Procambarus clarkii light irradiance induces antioxidant
activity increase to protect the animals from oxidative
stress and further lipid and protein oxidation (Fanjul-
Moles et al. 2003).
Southern lithodid crabs perform vertical migrations in
austral summer to moult and mate in shallow waters
(Lovrich & Tapella 2013). However, the only representative
of the family found in the intertidal during the spring ebb
tides is Lithodes confundens (Lovrich et al. 2002). This
behaviour could explain the differences found in the
present study between both Lithodes spp. In L.
confundens CAT and GST activities are significantly
higher in muscle and gills respectively, whereas lipid
peroxidation is significantly lower in both organs of this
species. Hence, differences in the activity of antioxidant
enzymes between both species suggest that L.
confundens is more capable of dealing with oxidative
stress situations due to a better battery of antioxidant
defenses since this species experiment anoxia periods in
the tides.
Most studies on oxidative stress have been done with
animals previously acclimated, and hence the importance
of this field study that may serve as a baseline. Both
lithodid species here analyzed could be considered
important from the economical, ecological and
physiological point of view. On the one hand, they
Table 4. Results of the two-way ANOVAs (MS: mean squares, F:
stadigraph, P: probability) to compare the effect of 2 species and
sexes of Lithodes on the lipid peroxidation activity (LPO) analysed
in 3 organs / Resultados de los ANDEVAs de dos factores (MS:
cuadrados medios, F: estadígrafo, P: probabilidad) para
comparar el efecto de 2 especies y sexos de  Lithodes en la
actividad de la peroxidación de lípidos (LPO) analizada en 3
órganos
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represent one of the most valuable crustacean species
due to both their high yields and acceptance in the markets
(Lovrich & Tapella 2013). The large sizes of adults, the
relative high abundance of both species (Lovrich &
Tapella 2013) along with their role as top predators in
their respective communities (Thatje et al. 2005, Falk-
Petersen et al. 2011) make them an important link in food
webs, similar to other decapods, e.g. the stone crab
Paralomis granulosa in the San Jorge Gulf (Vinuesa 2005),
the spiny lobster Panulirus argus in tropical and
temperate seas (Lipcius & Eggleston 2000), the red shrimp
Aristeus antennatus and the Norway lobster Nephrops
norvegicus in the Mediterranean sea (Antó et al. 2009).
Finally, our results show that parameters as CAT, GST
and lipid peroxidation could be proposed as biomarkers
of oxidative stress to indicate the general stress status of
Lithodid species. In fact, these parameters were
successfully tested in the shrimp Penaeus monodon (Tu
et al. 2008), in an amphipod Parmorea sp. (only for GST,
Schvezov & Amin 2011), in the mussel Mytilus chilensis
(Giarratano et al. 2010) and in the crab Carcinus maenas
(for GST, Rodrigues et al. 2012). Thus, from a
physiological point of view, these both Lithodid species
could be useful as biomarkers for biomonitoring studies
linked to climate change and/or environmental pollution.
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